Results: Key stakeholders identified funding, national standards, patient registries and digital imaging as important achievements of the ehealth plan. Lack of an e-health policy, inadequate involvement of clinicians, failure to establish a business case for using electronic health records, a focus on national rather than regional interoperability, and inflexibility in approach were seen as barriers to adoption of the plan.
Interpretation:
To accelerate adoption of electronic health records and timely return on investment, an e-health policy needs to be tightly aligned with the major strategic directions of health care reform. Adoption needs to be actively fostered through a bottom-up, clinicalneeds-first approach, a national policy for investment in electronic health records, and financial incentives based on patient outcomes that can be achieved with electronic health records.
( Figure 1 ). Given these international differences, we undertook this study to identify, from the perspective of policy and implementation strategy, the aspects of the Canadian e-health plan that succeeded, the aspects that were less successful and future directions to improve electronic health record adoption.
Methods

Study design and population
We used a case study approach 10, 11 to assess the effectiveness of the Canada e-health plan and to identify ways of increasing adoption of electronic health records in Canada. Such an approach was used by Hendy and colleagues to assess the implementation of a national program for health information technology in the United Kingdom. 12, 13 To conduct the case study, we reviewed Canada Health Infoway documents and interviewed representatives from national and provincial stakeholder groups. We purposively selected people who were responsible for leadership or policy or for information technology in their organization from four stakeholder groups that are influential in the adoption of electronic health records: national and provincial agencies responsible for health information technology; quality/safety and public health agencies; health professional associations; and vendors of health information technology.
Because the provinces and territories are ultimately responsible for the implementation of electronic health records, we included leaders in e-health policy and implementation from three provinces that varied in the extent of implementation: Alberta, the most advanced; Ontario, the least advanced; and British Columbia, in the middle.
14 Vendors and national and provincial leaders responsible for the implementation of health information technology were identified with the assistance of Canada Health Infoway. The chief executive officers of health professional associations and of quality/safety and public health agencies were asked to participate or identify the most appropriate leader of health information technology in their organization. Because physicians and pharmacists were the primary groups involved in the Canadian ehealth plan, we limited the health professional associations to these two groups.
We identified 32 potential representatives of national and provincial stakeholder groups, a similar number as that used in prior studies of the implementation of national e-health plans. 12, 13, 15 Questionnaire development and administration Based on prior research, 12,13,16-18 a semistructured questionnaire was constructed to assess factors from seven domains that might influence adoption of electronic health records: technical infrastructure and standards; interoperability; vendor engagement; financial incentives; facilitators and barriers to adoption; potential benefits in im proved patient safety and effectiveness of health care delivery; and public health. The questionnaire solicited the participant's perceptions of the importance of each domain, facilitators and barriers to adoption, and future directions. A copy of the questionnaire is available in Appendix 1 (www .cmaj .ca /cgi /content /full /cmaj .100856/DC1).
For this study, the term "health information technology" was used to represent both electronic health records 19 and electronic medical records. 19 Potential participants were contacted by email and telephone. Those who consented to participate were sent a copy of the questionnaire before the scheduled interview. Three of us (R.R., E.Z., M.T.) conducted the interviews by telephone. They were recorded and transcribed with the consent of the informants. 
Leadership
• Adopted a shared governance model with the provinces and territories to ensure continued collaboration and accountability.
• Implemented a co-investment model with the jurisdictions to leverage $1.6 billion in federal funding.
Approach
• Created a single architecture for the country, based on a data-sharing approach aimed at linking local clinical systems with regional and provincial registries to create a longitudinal electronic health record that would be accessible to the clinician at the point of care. The architecture was used as a reference model for investment decisions.
• Used gated funding (the release of funds in accordance with performance benchmarks) to reduce financial risk and increase motivation for the jurisdictions to deliver projects on time and on budget.
• Linked project funding to the use of standards to support interoperability.
• Consolidated the efforts to establish national e-health standards into a single organization that involved all key stakeholders to accelerate adoption.
Implementation
• Established preferred pricing agreements with vendors; encouraged the use of commercial solutions and the replication of the same solutions across jurisdictions to help reduce risk and cost.
• Engaged professional associations as part of change management to accelerate adoption and use of e-health solutions by individual clinicians.
Benefits
• Developed a structured approach to measure the return on investment; benefits would be measured against the savings of $6 to $7.6 billion expected from improvements in patient safety and quality and effectiveness of health care delivery.
Data abstraction
We used the grounded-theory approach, 20 a technique used in similar studies for analyzing qualitative data, 12, 13, 15 to analyze the transcripts. The analysis was done with the aid of ATLAS.ti software (ATLAS.ti GmbH, Berlin, Germany). Transcripts were coded to extract common concepts. Through iterative readings and discussion of the transcripts by three of us (R.R., E.Z., C.S.), a list of coded concepts was developed to characterize the factors that influence adoption of health information technology. Codes were then grouped to delineate emerging themes and their relationships. We masked identifying information in excerpts from the interview transcripts to protect the confidentiality of the participants.
The McGill University Institutional Review Board approved the study design.
Results
Overall, 29 of the 32 selected representatives agreed to participate. Nine of the participants represented na tional or regional agencies responsible for health information technology, seven were from health professional groups, eight represented safety/ quality and public health agencies, and five were from the vendor community.
Several aspects of Canada's e-health plan were viewed as successful (Box 2). Participants highlighted the benefits of having a comprehensive national approach to the standards for health information technology that set the foundation for interoperability in the future and that established a framework for collaboration across provinces and territories. A national organization was viewed as a way to help establish a coordinated approach to lobbying for political support. The release of funds in accordance with performance benchmarks (gated funding) was also a feature of the Canada Health Infoway plan that was seen as an enabler of provincial buy-in and commitment. In terms of clinical applications, digital imaging was viewed as the most successful, providing benefits for patients and reductions in cost.
Participants identified two main aspects of the e-health plan that were viewed as less successful. The first related to the absence of an e-health policy that would foster effective strategies for adoption by clinicians. The second related to the implementation of the national infrastructure for electronic health records.
Regarding the first aspect, participants commented that the direction and priorities for the ehealth plan needed to be aligned with the clinical and business needs of clinicians and the health care system through greater engagement of policy-makers (Box 3). Canada Health Infoway was seen as a funding agency, not a policy-setting body. The lack of a national policy or harmonized provincial policy to guide investment and adoption was seen as a problem.
Moreover, inadequate attention to clinicians, the key users of electronic health records, was viewed as a critical ingredient missing from the e-health vision (Box 3). To accelerate adoption, participants identified four key requirements: meaningful engagement of clinicians; coordinated leadership and investment in electronic health records across the country in conjunction with provincial, professional and regulatory authorities; a revised payment model that would provide financial incentives based on patient outcomes that can be achieved with the use of electronic health records; and a focus on technology that would improve the value of health care.
Regarding the second aspect of the e-health plan viewed as being less successful, participants commented that stronger leadership was needed to implement national standards to address the challenges of migrating away from existing legacy systems (Box 4). Moreover, the stakeholders reported that the Canada Health Infoway blueprint needed to be less top-down, and more flexible and adaptive to accommodate changes in technology and feedback from implementation experiences. Although participants believed that national and even international standards were highly desirable, there was consensus that national interoperability was not a priority. Instead, they suggested that efforts be devoted to achieving effective regional interoperability both to support clinical adoption and to increase the speed of implementing systems to support the continuum of care. Moreover, there were concerns that Canada Health Infoway was unreasonably ambitious in its attempts to attain national interoperability when stakeholders considered regional interoperability to be more important, less expensive and easier to implement.
Interpretation
We identified important achievements of Canada Health Infoway's e-health plan. These successes included funding, national standards, patient registries and digital imaging. We also collected respondents' perspectives on why Canada may be lagging behind other countries in the adoption of electronic health records. Low rates of adoption were attributed to the lack of meaningful engagement of clinicians; poor alignment of the e-health plan and implementation strategy with the clinical and business needs of clinicians and the health care system; lack of flexibility in incorporating change; and a focus on national rather than regional interoperability.
A key finding that emerged was the absence of an e-health policy to align the investment in information technology with the priorities of the health care system and of health care providers in order to accelerate adoption and achieve early return on the investment. In non-health sectors, past failures and suboptimal rates of return from investment in information technology have been attributed to poor alignment of priorities with corporate objectives and strategies; 21 this problem also appears to exist in the health sector. 22, 23 In most Western countries, health care systems face common challenges: improving patient safety, establishing better models for the management of chronic diseases, and engineering sustainability of the health care system in the face of escalating costs. [24] [25] [26] In Canada, the vision of creating a national system of interoperable electronic health records that could be accessible coast to coast to deliver care has no immediate impact on any of these challenges. Indeed, most health care is rarely delivered outside provincial jurisdictions, which manage the health care system. 27, 28 The infrastructure established by Canada Health Info way arguably provides an essential foundation for both local and interprovincial exchange. The foundation thereby offers synergies in investment and standardization in processes. Participants re ported their belief in an architectural blueprint, national standards and registries as necessary components of the ehealth plan. However, the implementation of these aspects of the infrastructure alone are not sufficient to gain the improvements in pa tient safe ty and in quality and efficiency of health care services expected with health information technology. Institutions such as Kaiser Permanente 29 and the US Veterans Administration, 30 which have established successful systems of electronic health records, have stressed the importance of also addressing the requirements of clinicians and patients. As highlighted in a recent editorial, 31 Canada's e-health plan has not yet addressed issues around key components needed for clinicians to actually use electronic health records in the delivery of care. Indeed, key components such as problem lists, clinical notes and computerized decision-support were not in the ehealth investment plan.
An overly "top-down" approach and insufficient engagement of clinicians were aspects con-
Box 3: Future directions proposed by participants that were related to Canada's e-health policy and adoption of electronic health records
E-health policy
• Canada's e-health plan needs to be driven more by policy related to expected benefits for patients and providers than by technological solutions -"I think policy should dictate or provide the parameters. Policy has a great significant impact on [health information technology (HIT)] infrastructure, simply because I think the business needs, or clinical needs, always need to drive the technology solution." -Regional HIT agency, respondent 3 -"When Canada Health Infoway got set up (and it was set up to implement, it was not a policy body), our federal health ministry at that time decided to downtool on the policy stuff. So, we have basically had a policy vacuum in this country for about eight years. We're doing more policy work out of [our organization] than anybody else. But, quite frankly, it should be national." -Health professional group, respondent 1 -"HIT is solving a legitimate business need: a hospital or a doctor doesn't put in a computer system because it pleases the government. They put in the computer system because they have a business need for it." -HIT vendor, respondent 2 -"What's the benefit to me as a physician to have an [electronic medical record]? … Am I going to be able to give better care to my patients? Am I gonna be able to see more patients?" -HIT vendor, respondent no. 1 [in relation to questions asked by physicians]
-"At the end of the day, the success of these systems is whether or not they're essentially being used by clinicians. Therefore, if the clinician does not see value, if the clinician does not see how this can help him or her deliver care to their patients, these tools are simply not going to be used." -Health professional group, respondent 3
Improving adoption of electronic health records
• More meaningful engagement of clinicians is needed to ensure clinical utility to increase adoption -"It's a fundamental belief of mine that, if clinicians are engaged early on in a project, then the user community will guide the development of systems in a way that ensures that those systems are clinically useful. And Infoway never really worked to create an engaged user community that would drive investment decisions." -HIT vendor, respondent 4 -"If you haven't got the end users involved and they are not driving adoption -it just isn't going to happen." -HIT vendor, respondent 3
-"I'll give you an example. In our jurisdiction, we have developed an entire solution for laboratory systems on which we've spent $120 million but we have not properly involved all the end users. So, we are seven or eight years in, and this system is still not fully implemented." -HIT agency, respondent 4
• Investment in the promotion and implementation of electronic health records in collaboration with the regulatory and professional organizations is needed -"I think one area that should have been funded in some way, earlier, is the electronic medical record strategy for each of the provinces. … Even at this point in time, there's still a large piece of information that's missing from electronic health record strategies in every province." -HIT agency, respondent 7
• To increase patient benefits, payment models and incentives to promote adoption of electronic health records should be based on patient outcomes that can be achieved with electronic health records -"I happen to have done some work for the New Zealand government and spent some time down there, and they're much more focused on the outcomes. So, uh... and the only way to get to those outcomes is to have an EMR [electronic medical record]. But, what they're paying the doctors for and what they're incenting them on is getting the outcomes." -HIT vendor, respondent 3 -" … in countries like the UK, there were incentives … you know, targets, that if the physician was able to achieve those targets, there would be money coming back to support the physician or whatever, and obviously, the only way to track those targets or to identify the targets and track and report them, would be having a system." -Health professional group, respondent 3 sidered by our participants, as well as by other Canadian critics, [31] [32] [33] to have contributed to low adoption rates. Although a "top-down, technical, architecture-first" approach may eventually lead to the same outcome as a "bottom-up, clinicalneeds-first" approach would, the top-down approach was considered to be too slow, expensive and inefficient by some of the participants. Stakeholders involved in implementing the National Programme for IT (NPfIT), the national electronic health record system in the United Kingdom, expressed similar sentiments. 12, 13 Despite many early successes, NPfIT now faces serious challenges. 13 Even though there is support for a national system in the United Kingdom, health care trusts, which are responsible for managing health care delivery, believe they have other more pressing priorities. 13 Delays in achieving return on investment and benefits with information technology in health care can jeopardize the entire endeavour. A relatively novel approach that addresses the challenge of return on investment tied to key clinical outcomes has been taken by the US Office of the National Coordinator for Health Information Technology. Using models such as those proposed by Bodenheimer and colleagues for the management of chronic diseases 34 and by Bell and colleagues for improving drug safety, 35 and using a scientifically robust investigation, the US Office of the National Coordinator for Health Information Technology has specified a list of requirements for clinically meaningful use, functions and features of electronic health records that will contribute to improved patient safety and better outcomes with management of chronic diseases. 36 Coupled with appropriate financial incentives based on patient outcomes, it is anticipated that the $19 billion invested in the US e-health plan has the potential to produce an earlier return on investment than the Canadian approach has. 37 Three recommendations to improve adoption of electronic health records emerged from our study: investment in the implementation of electronic health records as a priority; more effective engagement of clinicians and other health care providers; and financial incentives based on patient outcomes that can be achieved with the use of electronic health records.
Canada Health Infoway's approach was to build the infrastructure and then let the provinces and territories implement applications that use this infrastructure. This plan stopped short of a coordinated national policy for adoption of electronic health records, such as the UK strategy 6 that established a national framework for investment and business case development. In addition, Canada's e-health plan was not crafted to support the strengths of local innovation and development. The need to have technology that can be responsive and adaptive to local needs appears as a common thread in successful implementation strategies, both in health care and in other sectors. 22, 23, 38, 39 Engaged clinicians and responsive e-health systems allow early "quick wins" to be established. Clinicians can identify features that im prove clinical efficiencies, such as the refilling of complex prescriptions, 6,40 the retrieval of laboratory test results and graphing results over time, 41 and the generation of patient lists (or reminders) for preventive care (i.e., a "bottom-up" approach). 42 A successful strategy for achieving high adoption rates that a number of nations share involves two key initiatives: the expansion of proven deployments of prototypes of electronic • Strong leadership and structure is needed to engage stakeholders, build consensus, implement the e-health plan and get clinicians to adopt electronic health records -"I think here is where you need very strong leadership in order to ensure that the provincial bodies are adopting lab standards, drug standards, etc., according to the same playbook. And, I think the resistance that we've had has obviously been the investment in legacy systems and the ability to transform those legacy systems into what is becoming an accepted norm around standards." -Health professional group, respondent 2
• Architecture and standards need to be adjusted to incorporate insights from implementation experiences and technology changes -" … the blueprint [Canada Health Infoway] developed, which is six or seven years old now, is too rigid. They developed something that wasn't designed to be flexible. And, as the system evolved, and as we developed insights on how [health information technology (HIT)] should be implemented, adopted and used, the blueprint was not able to adjust flexibly enough to allow for those changes." -Health professional group, respondent 2
• National interoperability is not a priority; interoperability needs to focus on the implementation of more rapid methods of supporting the continuum of care locally -"[Provinces] have different priorities. So, here, you have a clash of all these architectures and standards and directions, and where the need, most of the need, at least 80% (and I've been told even higher) is really just local. And if we can solve the local problem, then we get a lot of value for the money, and then we can start to figure out how to hook the rest of these things together. I believe by using a local solution like that, we believe, you can solve about 80% of the problem for about 20% of the price, instead of trying to get the perfection and the centralized solutions that are going to be extremely difficult to do." -HIT agency, respondent 6
-"I think we are too worried about interoperability across the entire health care system. … I would argue that health regions need to have interoperability first." -HIT vendor, respondent 4 -"Interoperability, based on leveraging existing investments, to me is a very achievable one, and very significant. The political paymasters, for example, still believe that the investments made in multiple disparate systems are wasted because systems cannot talk to one another. So, we have a major challenge here, in addition to the technology issues, we have major political issues." -HIT agency, respondent 5 health records, and the establishment of national policies for investment in electronic health records and for financial incentives tied to patient outcomes. 2, 6, 8, 41, 43, 44 Lastly, there was consensus among the participants that a process is needed to update the architecture and standards of the e-health plan on a continual, timely basis, and to provide guidelines and tools to manage this evolution. In addition, effective strategies for closing the gap between national standards and existing legacy systems were identified as a challenge in implementing the e-health system by our participants as well as by others in the United Kingdom 12, 13 and in Canada. 32, 33 In other business sectors outside of health care, heterogeneous technical environments are managed through various integration technologies and analytical approaches to guide the timing and extent of standardization. 38, 45 Effective use of strategies and best practices from other industries could help to reduce the risk of developing specialized, costly solutions that are unique to health care.
Limitations
The insights gained from the participants in our study provide salient recommendations for fu ture directions. However, the themes that emerged may not be representative of all of the stakeholder groups represented. Also, we were unable to assess whether the participants' views varied across provinces or between stakeholder groups. Such differences may be relevant in understanding why some provinces have been more successful than others in implementing health information technology.
Our study focused on the policy and implementation framework established by senior leadership to enhance the adoption and use of electronic health records. Future research should focus on the expectations and experiences of health care professionals and patients, because their perspectives will inform and enrich the development of effective methods to enhance adoption.
Conclusion
Canada has implemented a national strategy for interoperable electronic health records by establishing a model for successful interprovincial collaboration on core aspects of a national framework. Looking forward, Canada needs to establish an e-health policy to guide the implementation of health information technologies to address the major strategic priorities of health care reform -improvements in patient safety, management of chronic diseases and sustainability of the health care system -and to promote the adoption of electronic health records and exchange of clinical data to address these challenges.
To achieve these objectives, policies are needed (a) to facilitate timely sharing of clinical information between health care providers in all settings, including community, hospital, long-term care facilities and home care; (b) to make personal health records and self-management tools accessible; (c) to support electronic communication between providers and members of interdisciplinary teams; (d) to establish incentives for the use of reminders for preventive care and for the use of comparative quality indicator assessment and reporting; (e) to facilitate the development of point-of-care, evidence-based clinical decisionsupport methods for personalized health care; (f) to enable reimbursement for e-visits; and (g) to reform the payment model to include financial reimbursement based on patient outcomes that can be achieved with the use of electronic health records. To foster innovation, policies are needed to support research and translation of successful regional initiatives (i.e., a "bottom-up" approach).
To increase adoption of electronic health records, strong clinical and administrative leadership will be needed, as will a cadre of clinicians trained in medical informatics to bridge the gap between information technology and health care. The creation of a chief provincial clinical information office is one approach that could be used to engage clinicians in the establishment of priorities for investment in health information technology, the development of clinically meaningful criteria for use of electronic records, and the construction of the business plan for computerization of primary care practices and community-based care.
